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(57) The in vitro metliod for diagnosing non-alcohol- 
ic steatohepatitis (NASH) comprises detecting and 
quantifying in a liver tissue sample the levels of a protein 
which can be used as a NASH molecular marker and 
which is selected from apolipoprotein A1 , mitochondrial 
ATPase P subunit, leukotriene A4 hydrolase, keratin 1 8, 
guanidinoacetate N-methyltransferase, superoxide dis- 
mutase, albumin, antioxidant protein 2 (isofonns 1 and 



2), prohibitin 1, methionine adenosyl transferase, long- 
chain acyl-COA dehydrogenase, selenium binding pro- 
tein, and their combinations; and comparing the results 
obtained with normal reference values of said proteins 
in healthy liver tissue. Said method can be used to di- 
agnose NASH and/or to assess a patient's potential risk 
of developing NASH. 
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Description 

FIELD OF THE INVENTION 

[0001] In general, the Invention is related to the diag- 
nosis of non-alcoholic steatohepatitis (NASH), more 
specifically, to the early diagnosis for the susceptibility 
of a person to develop NASH or Its confirmation in al- 
ready diagnosed patients: in both cases the diagnosis 
is based on the identification of molecular marl<ers of 
NASH and/or the analysis of the expression patterns of 
said molecular markers of NASH In liver. 

BACKGROUND OF THE INVENTION 

[0002] Non-alcoholic steatohepatitis (NASH) is a se- 
vere liver lesion that is characterized by necrosis, In- 
flammation and fibrosis. NASH and alcoholic steatohep- 
alilis (ASH) are histologically indistinguishable and are 
thought to have the same etiology. Nowadays, NASH is 
considered to be a progressive disease with 25% inci- 
dence of cirrhosis and 10%-15% incidence of mortality. 
It is also believed to cause liver disease in most cases 
of cryptogenic cirrhosis (unknown cause). Therefore, re- 
search on NASH has become one of the subjects with 
top priority in clinical hepatology. NASH epidemiology, 
characteristics, diagnosis strategies and treatment have 
been reviewed by Andrea E. Reld [Reid A.E., Gastroen- 
terology, 2001, 121:710-723]. 

[0003] To illustrate the problem, some epidemiologi- 
cal data could be enumerated: 

between 7% and 1 1 % of the patients who undergo 
an liver biopsy in the United States and Canada are 
diagnosed with NASH; 

between 60% and 83% of the patients diagnosed 
with NASH are women; 

by 30% of the obese patients suffer from NASH; 
fibrosis appearance is detected in 43% of patients 
with NASH; 

cirrhosis incidence in patients with NASH is approx- 
imately 25%; 

all the patients who develop alcoholic cirrhosis (ap- 
proximately 50% out of all cirrhosis cases) have 
previously developed ASH; and NASH is frequent 
In patients with hepatitis C. 

[0004] Due to the prominent position of NASH among 
chronic and progressive liver diseases, there Is an in- 
creasing interest in the detemrjination of its pathogene- 
sis. However, pathophysiological mechanisms leading 
to NASH development have not been detemnined yet. 
Alcoholic people may have a moderately fatty liver for 
many years and, without a change in their drinking hab- 
its, suddenly develop severe alcoholic hepatitis. In the 
same way, obesity, type II diabetes and hypertriglyceri- 
demia are frequently associated with fat accumulation 
in liver and, although this situation does not Invariably 



lead to the development of necro inflammatory lesions, 
these patients are at higher risk to develop NASH. Con- 
sequently, the existence of environmental or cellular fac- 
tors working as inhibitors of a cascade of molecular 

s events inducing necrosis, inflammation and fibrosis 
have been proposed. Portal endotoxemia and lipid per- 
oxidation are two of these possible factors. Alterations 
in the expression of different genes/proteins , such as 
CYP2E1 , CYP4A, UCP2, have also been identified in 

10 NASH and ASH; however, none of these genes have a 
value for the diagnosis or prediction of the development 
of the disease in time. 

[0005] Nowadays, most NASH patients are examined 
due to high, chronic results in liver function analysis (e. 

IS g.^ moderate chronic increase of aminotransferases), 
hepatomegalya, or both. A combination of the clinical 
history, physical examination, blood analysis and radio- 
logical and histological examinations exclude other 
causes of liver disease. Blood analysis has to include a 

20 complete liver profile including, for example, blood cell 
count and antl-HCV antibodies, hepatitis B surface an- 
tigen, hepatic iron index, ceruloplasmin, antinuclear an- 
tibody, -antitrypsin and anti-mitochondrial antibody 
determination. Image diagnosis, for example with liver 

25 ultrasonography (the preferred modality of image diag- 
nosis), reveals the existence of a "shiny" liver with in- 
creased ecogenity. Neverheless, this technique sensi- 
tivity and specificity for steatosis are 89%-95% and 
84-93% respectively. Fatty liver diagnosis can also be 

30 diagnosed by computerized tomography or by abdomi- 
nal magnetic resonance. In any case, clinical, analytical 
and radiological data do not allow the differentiation of 
NASH and alcoholic hepatitis given that both patholo- 
gies are histologically identical (presence of diffuse or 

35 centrilobular macrovesicular steatosis, ballooned hepa- 
tocytes, necrosis, mixed lobular inflammatory infiltra- 
tion, with or without necrosis, Mallory bodies, lipogran- 
ulomes and glycogenic nuclei). Therefore, the diagnosis 
of NASH Is only confirmed in the cases of significant al- 

40 cohol intake absence (typically lower than 20-40 g atco- 
hol/day). Up to now, the proposed molecular markers 
(CYP2E1 , CYP4A, UCP2) do not have a value for the 
diagnosis or prediction of the development of the dis- 
ease in time, 

45 [0006] Therefore, It is necessary to have tools to study 
NASH progression in time and to identify molecular 
markers associated with NASH. One of these tools 
could be an animal model which allowed the analysis of 
the patterns of genes and proteins in a normal liver and 

so In a liver with NASH, as well as along the disease pro- 
gression in time. Identification of these molecular mark- 
ers, particularly early molecular markers, with a diagno- 
sis and predictive value for NASH, and the study of their 
functional effects, would help prevent and/or treat 

55 NASH. Their identification would also help search and 
develop useful drugs for preventive and/or curative 
treatment of this disease. A good molecular marker of 
NASH would appear early in the liver, long before his- 
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tological alterations were observed. Ideally, to efficiently 
diagnose the predisposition to suffer from NASH, it 
would be better to have a group of early molecular mark- 
ers of NASH appearance than to have only one. These 
group of molecular markers would be something like the 
early "fingerprint" of the disease. 
[0007] In this research line, a model for the in vivo 
study of NASH has been developed. This model is 
based on a knockout mouse deficient in t^ATIA gene, 
that is, in S-adenosylmethionine (AdoMet) synthesis in 
liver, an essential cellular metabolite, named MATO (Lu 
S.C., et al., Proc. Natl. Acad. Sci. USA. 2001; 98: 
5560-5565). In addition to NASH, this MATO mice spon- 
taneously develop oxidative stress and hepatocellular 
carcinoma (Martinez-Chantar M.L., et al., Faseb J., 
2002, 16:1292-1294). MAT1A gene is specifically ex- 
pressed in adult livers, although it has been demonstrat- 
ed that the expression of this gene is silent in patients 
with hepatic cirrhosis (both alcoholic and non-alcoholic). 
3-month-old MATO mice livers are normal but they are 
much more liable to develop severe macrovesicular st- 
eatosis (induced by a choline-deflcient diet) and necro- 
sis (induced by CCI4); at 8 months, MATO mice spon- 
taneusly develop NASH; and at 14-18 months they arc 
at high risk to develop hepatocellular carcinoma (more 
than 80% of the animals develop hepatic tumours). Pre- 
liminary DNA microarray assays (Lu S.C., et al., Proc. 
Natl. Acad. Sci. USA, 2001 ; 98:5560-SS6S) show that 
at 3 months of age (when the histology of the liver is still 
nomial), there are already hundreds of differences in 
gene and protein expression between normal or wild 
type (WT) and MATO mice. That is to say that long be- 
fore an histological lesion is observed in the liver, NASH 
has already started to develop at a molecular level, al- 
though many of said differences do not remain through- 
out the progression of the disease. 

SUMMARY OF THE INVENTION 

[0008] One purpose of this invention is the develop- 
ment of a method for the diagnosis of NASH based on 
the analysis of the expression pattems of certain pro- 
teins whrch work as molecular markers of said disease 
in liver. 

[0009] To identify NASH molecular markers and ob- 
tain the fingerprint of said disease, the inventors have 
analyzed the differential expression of proteins by 
means of proteomic techniques (two-dimensional elec- 
trophoresis and identification of the differentially ex- 
pressed proteins by mass spectrometry) in liver sam- 
ples from WT and MATO mice [mutant knockout mice 
deficient In MAT1A gene (MAT-/-)] (Lu S.C., et al., Proc. 
Natl. Acad. Sci. USA, 2001; 98:5560-5565) in time (1 
and 15 days, 3 and 8 months old) until the appearance 
of NASH. Said MATO mutant mice were chosen be- 
cause they could be used to study the presence of 
NASH molecular markers before the disease was evi- 
dent at a histologrcal level. 



[001 0] All mice were fed a normal diet. NASH appear- 
ance and evolution was followed up by histological con- 
trol. The analysis of this infomiation allowed the Identi- 
fication of proteins whose expression is altered (up- or 

5 down-regulated) from the first day after the birth of a 
subject susceptible of developing NASH until NASH ap- 
pearance. These proteins, useful as NASH molecular 
markers, are the following: apolipoprotein A1 , mitochon- 
drial ATPase p subunit, leukotriene A4 hydrolase, kera- 

f 0 tin 1 8, guanidinoacetate N-methyltransferase, superox- 
ide dismutase, albumin, antioxidant protein 2 (isoform 
1), prohibitin 1 , methionine adenosyl transferase, long- 
chain acyl-CoA dehydrogenase, selenium binding pro- 
tein and antioxidant protein 2 (isoform 2). Apolipoprotein 

IS Al , mitochondrial ATPase |3 subunit, leukotriene A4 hy- 
drolase, keratin 18, guanidinoacetate N-methyltrans- 
ferase, superoxide dismutase, albumin and antioxidant 
protein 2 (isoform 1) are up-regulated in the liver while 
prohibitin 1, methionine adenosyl transferase, long- 

^0 chain acyl-CoA dehydrogenase, selenium union protein 
and antioxidant protein 2 (isoform 2) are down-regulat- 
ed, months before the appearance of NASH in MATO 
mice livers. These proteins might be used as molecular 
markers of the risk of development of NASH, isolated or 

^5 combined, considering expression pattems of all or part 
of said proteins, to determine NASH fingerprint. 
[0011] Apolipoprotein A1 (APA1) is the protein com- 
ponent of a lipoprotein that carries lipids in blood. Vari- 
ations in APA1 levels associated to hepatic fibrosis have 

30 been described [Teare J.R, ct al., Lancet (North Amer- 
ican Edition), 1993, 342:895-898]. 
[0012] Mitochondrial ATPase p subunit (ATPB) is a 
component of mitochodrial ATPase (or mitochondrial 
ATP synthase), that catalyses ATP synthesis from ADP 

35 and inorganic phosphorous In mitochondria using the 
energy derived from a proton gradient. 
[0013] Leukotriene A4 hydrolase or LKHA is an en- 
zyme involved in leukotriene biosynthesis and is a mark- 
er for Inflammation in general [Eberhard J., 2002, Vir- 

40 chows Archiv 440 (6): 627-634]. 

[0014] It has been described that in both NASH and 
ASH there is an alteration in the ratio keratin 18/ keratin 
8 [Denk H., et al., Der Pathologe, 2001 , 22(6):388-398]. 
In addition, keratin 18 (K1GR) levels are indicators of 

45 other liver diseases such as hepatic carcinoma, chronic 
hepatitis, alcoholic hepatitis and cryptogenic cirrhosis 
[Caulin C, Journal of Cell Biology. 2000, 1 49(1 ):1 7-22; 
Toivoia D.M., ct al., Experimental Cell Research, 2000, 
255(2): 1 56-1 70; Stumptner C. , et al., Hepatology, 1 997, 

50 26(4, part2):194A;KuNam-On,ctal., Journal of Clinical 
Investigation, 1997, 99(1):19-23], 
[0015] Guanidinoacetate N-methy {transferase 

(GAMT) is a protein involved in the last step of creatinine 
biosynthesis. Superoxide dismutase (SODC) is a pro- 

S5 tein that destroys radicals that are toxic for celts. Albu- 
min (ALBU) is a low molecular weight protein which is 
soluble in diluted saline solutions and water. It can bind 
water, ions (sodium, potassium or calcium), fatty acids, 
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hormones, etc. Antioxidant protein 2 (AOP2) protects 
against oxidative damage. Methionine adenosyl trans- 
ferase (MAT) catalyses AdoMet formation from methio- 
nine and ATR Long-chain acyl-CoA dehydrogenase 
(ACDL) is an enzyme that is involved in the mitochon- 5 
drial beta-oxidation of fatty acids. Selenium binding pro- 
tein (SBP) binds selenium and acetaminophen. 
[0016] Prohibitin 1 (PHB1) is a protein that is associ- 
ated with the inner mitochondrial membrane whose 
function has been related to the folding and stabilization io 
of proteins involved in mitochondrial respiratory proc- 
esses. Deficiency of PHB1 has been associated with an 
alteration of the mithocondrial function and to premature 
aging. Its relationship with liver cancer has been de- 
scribed [Seow T.K., ct al., Electrophoresis, 2000,21 (9): is 
1787-1813]. 

[001 7] No relationship between the expression of the 
said proteins and the development of NASH has been 
previously established, thus, their use as molecular 
markers and fingerprint for NASH has turned out to be 20 
surprising. 

[0018] Therefore, one aspect of this invention is a 
method for the collection of data that allows for the early 
diagnosis or confirmation of NASH, which comprises the 
in wYro detection and quantification of the levels of a pro- 2S 
tein selected from apolipoprotcn Al , mitochondrial AT- 
Pase p subunit, leukotriene A4 hydrolase, keratin 18, 
guanidinoacetate N-methyltransf erase, superoxide dis- 
mutase, albumin, antioxidant protein 2 (isoform 1), pro- 
hibitin 1, methionine adenosyl transferase, long-chain 30 
acyl-CoA dehydrogenase, selenium binding protein, 
antioxidant protein 2 (isoform 2) and their combinations, 
in a sample of liver tissue from a subject and the com- 
parison of the obtained results with nonnal values, of 
reference, of said proteins in liver tissue obtained from 55 
healthy livers. In a particular embodiment, said protein 
is selected from apollpoproten Al , mitochondrial AT- 
Pase p subunit, leukotriene A4 hydrolase, keratin 18, 
prohibitin 1 and their combinations. 

[0019] The method provided by this invention allows 40 
the easy and reliable evaluation of the potential risk of 
a subject to devebp NASH. Said subject may be a sub- 
ject who has not been previously diagnosed with NASH 
or a subject who has been diagnosed with NASH but 
wants to confirm the diagnosis. Therefore, in a partlcu lar 4s 
embodiment, said method allows the evaluation of the 
predisposition (early diagnosis) of a subject to develop 
NASH, while in another particular embodiment, said 
method allows the confirmation (diagnosis) of the exist- 
ence of NASH in a subject. so 
[0020] In another aspect, the invention is related to 
the use of a protein selected from apollpoproten Al , mi- 
tochondrial ATPase p subunit, leukotriene A4 hydrolase, 
keratin 1 8, guanidinoacetate N-methyltransferase, su- 
peroxide dismutase, albumin, antioxidant protein 2 (iso- ss 
form 1), prohibitin 1 , methionine adenosyl transferase, 
long-chain acyt-CoA dehydrogenase, selenium binding 
protein, antioxidant protein 2 (isofomi 2) and their com- 



binations, in an in vitro method for the diagnosis of 
NASH, or for the evaluation of the predisposition of a 
subject to develop NASH. 

BRIEF DESCRIPTION OF THE FIGURES 

[0021] 

Figure 1 shows the list of the proteins differentially 
expressed in M ATI A-/mutant mice during the de- 
velopment of NASH. Liver extracts from 1-, 15-, 90- 
and 240-day-old WT and MAT1 A-/- mice were an- 
alyzed by two-dimensional electrophoresis. Pro- 
teins differentially expressed were identified by 
MALDl TOFF mass spectrometry and clustered by 
the biological processes in which they are involved 
according to gene ontology criteria: (1 ) Cell commu- 
nication; (2) Cell growth and/or maintenance; (3) 
Developmental processes. 

Figure 2 is a chart that illustrates the metabolic al- 
terations of MAT1 A-/- mutant mice livers during the 
progression of NASH. Metabolic enzymes which 
were up- or down-regulated in the liver of 1-, 15-, 
90- and 240 day-old MATIA-A mutant mice were 
mapped in the wall chart "Biochemical Pathways" 
of Boehringer Mannheim (http://www.expasy.org) 
using the program GARBAN developed in the Uni- 
versity of Navarra. 

Figure 3A shows the results of a Western blot anal- 
ysis, more specifically, it shows hepatic levels of 
PHB1, COX I, COX 11, ATPB, in a steady state, in 
WT y MAT1 A-/- mice livers. 1 to 240 day-old mice 
liver extracts (15 ng/lane) were analyzed by West- 
ern blotting. To ensure equal loading, membranes 
were stained with Poinceau Red. Figure 38 shows 
the results of a Northern blot analysis, more specif- 
ically of the expression of PHB1 , COX 11, ATPB. and 
rRNA 168 in WT and MAT1A-/- mice livers. Sam- 
ples of liver RNA (30 ^g/lane) from 90 day-old mice 
were analyzed by a Northern blot hybridization 
analysis using specific probes. Membranes were 
hybridized with a probe for rRNA 18S to ensure 
equal loading. Figure 3C shows the results of a 
Southem analysis, more specifically of mitochondri- 
al DNA in MAT1A-/- mice In relation to WT mice. 
Total DNA was isolated from 3 month-old mice, cleft 
with EcoRI and used in a Southern analysis with a 
specific probe for COX II. Equal loading of DNA 
samples in each of the lanes was ensured by ethid- 
ium bromide staining of the gel. Representative 
blots from three independent experiments are 
shown. 

Figure 4 is a bar chart that shows the inner mito- 
chondrial membrane potential. Membrane function- 
ality was studied by means of the measurement of 
said gradient in an enriched mitochondrial fraction 
from 3 month-old WT and MAT1 A-/- mice livers. Val- 
ue of 100% was 175.51+6.69 fluorescence units 
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/mg protein. The average of three experiments is 
shown. 

Figures Illustrates PHB1 level regulation byAdoM- 
et In cultured rat hepatocytes. PHB1 levels were 
measured in rat hepatocytes cultured for 12 or 24 5 
hours in the presence or absence of 100 ^iM me- 
thionine, 4 mM AdoMet or 20 mM cycloleucine. Liv- 
er extracts (15 [ig/lane) were analyzed by Western 
blotting using specific antibodies. To ensure equal 
loading, the membranes were stained with red Pon- io 
ceau. A representative blot from three independent 
experiments is shown. 

Figure 6A shows hepatic steady-state levels of 
PHB1 , COX I and COX II in WT and ob/ob mice liv- 
ers. A representative blot from three independent is 
experiments is shown. Figure 6B shows hepatic 
steady-state levels of PHB1 and COX I in control 
and obese patient livers. Liver extracts (1 5 p.g/lane) 
were analyzed by Western blotting using specific 
antibodies. To ensure equal loading, the mem- so 
branes were stained with red Ponceau. 

DETAILED DESCRIPTION OF THE INVENTION 

[0022] In one aspect, the invention is related to an in 25 
vitro method for the diagnosis of NASH, or to evaluate 
the predisposition of a subject to develop NASH. A 
method like the one provided by this invention allows for 
the evaluation of the predisposition or risk of a subject 
to develop NASH, that is to say that permits the deter- 30 
mination of those subjects that, within a group or popu- 
lation, show a higher risk of developing NASH. In an il- 
lustrative way, a subject who has not been previously 
diagnosed with NASH or who has no symptoms may be 
analyzed in order to obtain Infomiation about the possi- 55 
bility of that subject developing NASH in the future. 
[0023] Likewise, said method might be used with di- 
agnosis (diagnosis method) or prognostic (prognostic 
method) purposes. A diagnosis method refers to an as- 
say performed on a subject who presents possible 40 
NASH symptoms. A prognostic method refers to a meth- 
od that helps predict, at least at some extent, the 
progress of the disease. In this sense, a subject who 
has been previously diagnosed with NASH might be an- 
alyzed to know the progress of the disease as well as 45 
to know the possibility of a favorable response to a cer- 
tain therapeutb treatment. 

[0024] The term "subject" as used in the present in- 
vention includes human beings and animals, for exam- 
ple, mammals. In a particular embodiment .said sub- 50 
jects are human beings, females or males, of any age 
or race. 

[0025] The term "non-alcoholic steatohepatitis" or 
"NASH" is used in the sense which is nowadays admit- 
ted by the scientific community. ss 
[0026] In a more specific way, the invention provides 
a method that comprises: 



a) obtaining a sample of liver tissue from a subject; 

b) detecting and quantifying in said sample of liver 
tissue the level of a protein selected from apolipo- 
protein A1 (APA1 ), mitochondrial ATPase p subunit 
(ATPB), leukotriene A4 hydrolase (LKHA), keratin 
18 (K1CR), guanidinoacetate N-methyltransf erase 
(GAMT), superoxide dismutase (SODC), albumin 
(ALBU), antioxidant protein 2 (AOP2) (isoform 1 y 
2), prohibitin 1 (PHB1), methionine adenosyl trans- 
ferase (MAT), long-chain acyl-CoA dehydrogenase 
(ACDL), selenium binding protein (SBP) and their 
combinations; and 

c) comparing the results obtained in step b) with 
nonnal values ot reference for said proteins in liver 
tissue. 

[0027] The liver tissue sample to be analyzed may be 
a liver tissue sample from any part of the liver of the 
subject whose susceptibility to develop NASH, or whose 
diagnosis of NASH, is intended to be known. Said liver 
tissue sample from said subject may be obtained by any 
conventional method, for example, by biopsy. 
[0028] Detection and quantification in a liver tissue 
sample of the levels (concentration) of said proteins 
APA1, ATPB, LKHA, K1CR, GAMT SODC, ALBU, 
AOP2 (isofonn 1 ), AOP2 (isoform 2), PHB1 , MAT, ACDL 
and/or SBP can be performed by the use of specific an- 
tibodies against said proteins, by ELISA or Western 
Blotting. Alternatively, said proteins can be detected and 
quantified by the use of devices of the kind of biochips 
or protein microarrays which include specific antibodies 
against proteins to be detected , for example, detection 
microarray systems that allow the detection and quan- 
tification of target proteins (Huang, RP. Detection of mul- 
tiple proteins in an antibody-based protein microarray 
system. Journal of Immunological Methods 225 (2001): 
1-1 3). Theterm "antibody" as used herein includes mon- 
oclonal and polyclonal antibodies, recombinant frag- 
ments of antibodies, combibodies, Fab and scfv anti- 
body fragments as well as the ligand binding domains. 
[0029] Even though, in principle, the detection and 
quantification of the level of just one of said proteins 
would be enough, In practice, it is preferable to detect 
and quantify the level of two or more of said proteins to 
obtain the fingerprint of the subject In relation to its sus- 
ceptibility to develop NASH or to confirm a diagnosis of 
NASH. 

[0030] The results obtained in step b), related to the 
detection and quantification of proteins APA1. ATPB, 
LKHA, K1CR, GAMT, SODC, ALBU, AOP2 (isoform 1), 
AOP2 (isoform 2), PHB1 , MAT, ACDL and/or SBP in en 
liver tissue sample, are compared with nonnal values of 
reference for said proteins In liver tissue from healthy 
livers. Said reference normal values of said proteins In 
liver tissue may be obtained by the analysis and quan- 
tification of said proteins in liver tissue samples from 
healthy livers, that is. to say, from livers of subjects who 
have not developed NASH nor any other liver disease 
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that could originate inadequate reference values for said 
proteins. In general, increases or decreases in the levels 
of marker proteins are estimated by comparison of the 
results obtained from the analyses of samples from as- 
say subjects with results obtained from control samples 
that are analyzed at the same time. In each assay, each 
subject will be compared with previously validated con* 
troi samples. 

[0031] When the comparison of the results obtained 
in step b) with reference normal values shows that: 

(i) the level (concentration) of, at least, one of pro- 
teins APA1, ATPB, LKHA, K1CR, GAMT, SODC. 
ALBU or AOP2 (isoform 1), is higher than the high- 
est limit of the nonnal values, of reference, for said 
proteins in liver tissue; and/or 

(ii) the level (concentration) of, at least, one of pro- 
teins PHB1 , AOP2 (isoform 2), MAT ACDL or SBP 
is lower than the lowest limil of the normal values, 
of reference, for said proteins in liver tissue, 

then, said results are indicative of the existence of 
NASH in the subject whose tivertissue sample has been 
assayed or there is a predisposition or high risk of said 
subject to develop NASH in the future. 
[0032] A method lii<e the one previously described al- 
lows for obtaining data for the early diagnosis of NASH 
or for the confirmation of NASH presence. 
[0033] In a particular and preferred embodiment of the 
method provided by this invention, marker protein of 
NASH is selected from APA1, ATPB, LKHA. K1CR, 
PHB1 and their combinations. In this case^ a level (con- 
centration) of, at least, one of proteins APA1, ATPB, 
LKHA or K1CR, higher than the highest limit of the nor- 
mal reference values for said proteins in liver tissue and/ 
or a level (concentration) of PHB1 lower than the lowest 
limit of the normal reference values for said protein In 
liver tissue, is indicative of the existence of NASH in the 
subject whose liver tissue sample has been assayed or 
there is a predisposition or high risk of said subject to 
develop NASH in the future. Even though, in principle, 
the detection and quantification of the level of just one 
of said proteins would be enough, in practice, it is rec- 
ommendabie to detect and quantify the level of at least 
two of them, preferably three, more preferably four and 
even more preferably, the levels of the five mentioned 
proteins because that would allow for the fingerprint of 
the subject in relation to its predisposition to develop 
NASH or to confimn a diagnosis of NASH. 
[0034] In another aspect, the invention is related to 
the use of a protein selected from APA1 , ATPB, LKHA, 
K1CR, GAMT, SODC, ALBU, AOP2 (isofonn 1), AOP2 
(isoform 2), PHB1 , MAT, ACDL, SBP and/or their com- 
binations, preferably APA1 . ATPB, LKHA, K1 CR, PHB1 , 
and/or their combinations, in an in wtro method to diag- 
nose NASH, or to evaluate the predisposition of a sub- 
ject to develop NASH. 

[0035] The following example illustrates the invention 



and should not be considered in a limiting sense of the 
invention. 

EXAMPLE 1 

5 

Proteomic functional analysis of non-aicoholic 
steatohepatitis (NASH) 

[0036] Molecular mechanisms involved in the pro- 
10 gression of NASH in MAT1A-/- mice livers have been 
studied by a high throughput proteomic approach. 

1. Materia! and methods 

IS 1.1. Materials 

[0037] Antibodies of anti-cytochrome c oxidase sub- 
units I and II were obtained from Molecular Probes. Anti- 
prohibitin 1 antibody was purchased from Calbiochem. 
20 Anti-mitochondrial ATP synthase subunit p was ob- 
tained from Molecular Probes. Electrophoresis reac- 
tants were obtained from Blo-Rad. Trypsin, from Prome- 
ga; urea and collagenase from Gibeo BRL; and tiourea 
from Merck. The other chemical reactants were pur- 
25 chased from Sigma. 

[0038] Animals [wild type mice (WT) and knockout 
mutants lacking gene MAT1A (MATIA-/-) or MATO mice 
(Lu S.C, et al., Proc. Natl. Acad, Sci. USA, 2001; 98: 
5560-5565)] came from the applicants inbred colony 
30 and were treated humanely according to the institutional 
guidelines of the applicants. Ob/ob mice were pur- 
chased from Jackson Laboratories (Bar Harbor, M I). Hu- 
man samples were obtained from the Hospital Principe 
de Asturias, whose human research review committee 
35 approved this study. 

1.2. Methods 

High throughput proteomic analysis. 

40 

[0039] Liver samples were homogenized in 20 vol- 
umes of lysis buffer which contained 7 M urea, 2 M thiou- 
rea, 4% CHAPS, 1% DTT and 0.5% Bio-Lyte 3-10 am- 
pholytes. The homogenates were centhfuged at 
^5 100,000 X g for 45 minutes at 15**C. Protein concentra- 
tion was detennined in the supernatants by means of 
the Bradford protein assay kit (Bio-Rad) using albumin 
diluted in tysis buffer as standard. The first separation, 
by isoelectrofocus, was performed in a Protean lEF cell 
50 (Bio-Rad) using 1 7 cm ReadyStrips IPG strips with dif- 
ferent pH ranges. The samples (300-700 p.g of protein) 
were loaded and an active rehydration was pertonned 
for 12 h at 50 V and 20"C. Gels were run at 60,000 Vh 
by using a progressively increasing protocol implement- 
55 ed by the manufacturer. IPG strips were equilibrated in 
50 mM Tris/HCI, pH 7.5, 6 M urea, 30% glycerol, 2% 
SDS and 2% DTT and incubated in the same buffercon- 
taining iodoacetamide and bromophenoi blue in the ab- 
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sence of DTT. IPG strips were directly loaded in 1 2.5 % 
polyacrylamlde gels (1 8 cm x 20 cm x 1 mm) and sealed 
with low-meltlng-point agarose. Gels of the second sep- 
aration, by SDS-PAGE, were run for 15 h. Gels were 
stained with PhastGel BlueR prepared in water (65%), 
ethanol (25%) and acetic acid (10%). Alternatively, they 
were stained with silver using the Amersham silver 
staining kit. Images were digitized with an Image Den- 
sitometerfrom Bio-Rad and analyzed by using PDQuest 
software. Qualitative and quantitative differences were 
detected but they were only accepted when confirmed, 
at least, twice, in five independent experiments. Gel 
spots corresponding to differentially expressed proteins 
were picked up manually and processed in a Micromass 
MassPrep station. Gel specimens were de-stained with 
50 mM ammonium bicarbonate and 50% acetonitrlle 
(Coomassie-stained gels) or with 15 mM potassium fer- 
ricyanide and 50 mM sodium thiosulphate (Silver- 
stained gels). Subsequently, proteins were reduced with 
10 mM DTT in 100 mM ammonium bicarbonate and 
were alkylated with 55 mM iodoacetamide in the same 
buffer. After that, a digestion of the proteins was per- 
formed in the same gel with trypsin 6 ng/|xl in 50 mM 
ammonium bicarbonate, for 5 h at 37*'C. the resulting 
peptides were extracted with 1 % forniic acid and2 % ac- 
etonitrlle. Finally, 2 ^1 samples were mixed with 2 \x\ of 
a saturated solution of a-cyano-4-hydroxi-trans-cinnam- 
ic acid in 0.1% TFA, 50% acetonitrlle and then spotted 
into a MALDI target plate. Fragments obtained from the 
digestion with trypsin were analyzed in a MALDI TOFF 
GL-REF mass spectrometer (Micromass). Data 
processing was perfomned with MassLynx and data- 
base searching (SWISSPROT, TREMBL, ENSEMBL) to 
identify the proteins of interest from their peptide finger- 
print was performed with ProteinLynx Global Server (Mi- 
cromass). Data analysis and clustering was performed 
with GARBAN (unpublished). 

Isolation and culture of rat hepatocytes. 

[0040] Hepatocytes were isolated from male Wistar 
rats (200-250 g) by perfusion with collagenases, as pre- 
viously described (Avila, M.A., et aL, Gastroenterology, 
1998, 114:364-371). Once isolated, hepatocytes were 
cultured according to Garcia-Trevijano et al. (Garcia- 
Trevijano, E.R., et al, Faseb J, 2000, 14:2511-2518) In 
the presence or absence of 4 mM AdoMet, 1 00 \ihA me- 
thionine, or 20 mM cicloleuclne (CL) for the indicated 
periods of time. Cell viability was measured by trypan 
blue exclusion, and no significant differences were ob- 
served between the controls and any of the different 
treatments performed in this study. 

Mitochondrial isolation and characterization. 

[0041] An enriched mitochondrial fraction was ob- 
tained from 100 mg liver specimens with the Mitochon- 
dria Isolation Kit from Sigma. The electrochemical pro- 



12 

ton gradient (? ?) of the inner mitochondrial membrane 
was analyzed by measuring the uptake of the fluores- 
cent carbocyanine dye JC-1 into the mitochondria ac- 
cording to the manufacturer's instructions. Fluores- 
5 cence measures were perfomned with a Perkin Elmer 
LS 50 B spectrofluorimeter. 

RNA isolation and Northern hybridization analysis. 

10 [0042] Total liver RNA was Isolated by the guanidin- 
ium thyocianate method (Garcia-Trevijano, E.R.. et al., 
Faseb J, 2000, 14:2511-251 8). RNA concentration was 
determined spectrophotometrically before use and the 
integrity was checked by electrophoresis with subse- 
ts quent ethidlum bromide staining. Electrophoresis and 
gel blotting were performed following a previously de- 
scribed protocol (Lu, S.C., et al., Proc. Natl. Acad. Sci. 
USA, 2001; 98:5560-5565). Prohibftin IcDNA was 
cloned by reverse transcriptase-polymerase chain reac- 
20 tion from mouse liver. The Superscript preampllfication 
system (Life Technologies), Taq Long plus enzyme 
(Stratagene) and sense 5'-atggctgccaaagtgtttgagtc-3' 
and antisense 5'-tcactggggaagctggagaagc-3' primers 
were used. Probes for ATPase p subunit and for cyto- 
25 chrome oxidase subunlts 1 and II have been described 
(Izquierdo & Cuezva, Mol. Cell. Biob, 1997, 17: 
5255-5268; Otero, G., et aL, Carcinogenesis. 1997, 18: 
1569-1575). Northern hybridization analysis were per- 
formed on total RNA by using standard procedures (Lu 
30 S.C., et al., Proc. Natl. Acad. Sci. USA, 2001; 98: 
5560-5565). Ail probes were labeled with p2p]<jCTP by 
using the Rediprime DNA Labeling System from Amer- 
sham. To ensure equal loading of RNA samples, mem- 
branes were also hybridized with a probe labeled 
35 with 32p rRNA BS. Both autoradiography and densitom- 
etry were used to quantify relative RNA. Results of the 
Northern blot analysis were nortnalized to 1 8S rRNA. 

DNA isolation and Southern blot analysis. 

40 

[0043] Total DNA was extracted from the livers of 
3-month-old WT and MAT1A-/mice as previously de- 
scribed (34). Total cellular DNA (20 ^g) was digested 
with EcoRI. Digested DNA was resolved in an agarose 
45 1% geL transferred and fixed onto nylon membranes. 
The membranes were incubated with a COX II probe 
labeled with p2p ]dCTP. Membrane hybridization and 
washing conditions were described above (Otero, G. , et 
al,, Carcinogenesis, 1997, 18:1569-1575), 

so 

Western Biot analysis. 

[0044] Protein extraction and western blotting were 
performed as previously described (Avila, M.A., et al., 
55 Oncogene. 1995, 10:983-971; Ruiz, P., et al., Hepatol- 
ogy, 1998, 28:1051-1057). Briefly, equal amounts of 
protein (15 |j.g) were resolved in SDS/12.5% polyacry- 
lamlde gels. Proteins were electrophoretically trans- 
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ferred to nitrocellulose membranes. Membranes were 
probed with anti-MAT (Ruiz, R, ct al., Hcpatology, 1 998, 
28:1051-1057), anti-PHBI, anti-p ATPase and an- 
ti-COX I and II. A secondary antibody conjugated to 
horseradish peroxidase was used. Blots were devel- 
oped by chemiluminescence (Dupont), 

2. Results 

Proteomic fingerprint of NASH pathogenesis in 
MAT1A-/- mice. 

[0045] Molecular mechanisms involved in NASH de- 
velopment in MAT1 A-/- mice liver have been studied by 
a high throughput proteomic approach. Protein expres- 
sion panerns were obtained by two-dimensional analy- 
sis of 1-, 15-, 90- and 240-day-old WT and MAT1A-/- 
mice liver extracts. Five independent experiments were 
perfomned using liver extracts obtained from different 
animals. According to the PDQuest image analysis (Bio- 
Rad). an average of 1 ,500 to 2,000 spots were visual- 
ized depending on the gel staining procedure. Gel im- 
ages obtained from WT and MAT1 A-/- mice were com- 
pared to determine differences in protein expression. 
Only those changes in which a two-fold increase or a 
decrease by half was confirmed in the five experiments 
were accepted. 

[0046] Analysis revealed that just 1 day after birth, 
140 differences were already induced in the liver of 
M AT1 A-/- mice and that changes accumulated with age 
(242, 259 and 297 changes 15, 90 and 240 days after, 
respectively). The distribution between up-regulated 
and down -regulated proteins is maintained up to three 
months. 53%-70% were up-regulated and 30%-47% 
were down-regulated proteins. In contrast, this pattern 
switches in 8-month-old MAT1A-/- mutant mice livers, 
when NASH is already developed, where 27% were up- 
regulated and 73% were down-regulated proteins. From 
all the initial changes, only the most abundant proteins 
represented in the databases were identified by peptide 
mass fingerprinting, with a result of 117 proteins suc- 
cessfully identified. 

[0047] A linear correlation between and pi, calcu- 
lated from the sequence of the identified proteins, and 
the experimental Rf of the corresponding spot, calculat- 
ed from the two-dimensional gels (not shown), has been 
found. This finding further validates the identity of the 
analyzed spots. Some pi deviations from linearity were 
observed. This is probably a consequence of post-trans- 
lational modifications. 

[0048] The specific protein expression profile of 
MAT1 A-/- mice livers provides a proteomic fingerprint of 
NASH. Up- and down-regulated proteins were classified 
by the biological processes in which they are involved 
according to the gene ontology criteria, and were repre- 
sented as shown in Figure 1 . Most proteins differentially 
expressed in MAT1A-/- mutant mice livers were clus- 
tered in three biological processes: cell communication 



(group 1 ), cell growth and/or maintenance (group 2) and 
developmental processes (group 3) (Figure 1). Some of 
the proteins identified in these clusters are involved in 
embryogenesis, morphogenesis and aging processes, 

5 such as tubulin a-6 chain, tubulin a-5 chain, actin and 
prohibitin 1 (PHB1), that controls DNA synthesis and 
regulates cell proliferation. Likewise, proteins involved 
in stress responses, such as leukotriene A4 hydrolase 
(LKHA), are up-regulated. Changes in the expression 

10 pattern of proteins involved in oxidative stress were also 
Identified, for example, glutathione peroxidase, antioxi- 
dant protein 1 and 2 (AOP2) or superoxide dismutase 
Cu+-i-/Zn++ (SODC). Finally, according to the broad 
metabolic activity of the liver, 80% of the proteins whose 

15 expression changes in MAT1A-/- mutant mice corre- 
sponds to metabolic proteins. Most of the alterations af- 
fect carbohydrate and amino acid metabolism. For ex- 
ample, fructose 1 ,6-bisphosphaiase (up-regulated) and 
glycerol 3 phosphate dehydrogenase (down-regulaled) 

20 are key enzymes in gluconeogenesis and glycolysis re- 
spectively. Specific long-chain acyl-CoA dehydroge- 
nase (ACDL) and delta 3,5 delta 2,4 dienoyi CoA iso- 
merase (both down-regulated) are involved in fatty acid 
beta-oxidation. Apolipoprotein A1 (APA1) (up-regu- 

25 latcd) and farnesyl pyrophosphate synthetase (down- 
regulated) take part in the transport and biosynthesis of 
cholesterol respectively; and malate dehydrogenase 
and isocitrate dehydrogenase (both down-regulated) 
catalyze two steps of the citrate cycle. In addition, major 

30 differences affecting branched, aromatic and sulfur ami- 
no acid metabolism were identified (Figure 2). 
[0049] A group of 12 proteins changed their expres- 
sion pattern 1 day after birth and this alteration was 
maintained all along the progression of NASH in 

35 MAT1 A-/- mice livers (Figure 1 ). These proteins, which 
might be considered as early markers of NASH, were 
identified as APA1, LKHA, selenium binding protein 
(SBP), A0P2, MAT, keratin type 1 cytoskeletal 18 
(K1CR), guanidinoacetate metiltransfcrase (GAMT), 

"^0 PHB1, SODC, albumin, ACDL and mitochondrial AT- 
Pase p subunit (ATPB). Most of these proteins are met- 
abolic enzymes or take part in the antioxidant response 
of MAT1A-/- mutant mice hepatocytes. Interestingly, 
PHB1 and ATPB are mitochondrial proteins, so changes 

45 on their expression might compromise mitochondrial 
function. 

AdoMet regulates a network of mitochondrial 
proteins and mitochondrial function. 

50 

[0050] Alteration of the mitochondrial function may be 
a key factor in the progression of NASH in MAT1A7- 
mice. Up-regulation of ATPB (4507o) and down-regula- 
tion of PHB1 (53%) were confimned by Western blot 
55 analysis with specific antibodies (Figure 3A). Likewise, 
the steady state levels of cytochrome c oxidase subunits 
I and II (COX) were also diminished in MAT1 A-/- mutant 
mice livens (55% and 53% respectively). These altera- 
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tions were not observed In other tissues (not shown). 
The expression of genes which encode for these pro- 
teins was also studied by Northern blot analysis. The 
mRNA level of ATPB Is increased two-fold in IVIATI A-A 
mice livers (Figure 3B). On the contrary, mRNA levels 
of PHB1 and COX M, as well as of rRNA 1 6S, were sim- 
ilar to those found In WT mice (Figure 38). These ob- 
servations indicate that the down-regulation in PHB1 
and COX by AdoMet Involves post-translational mech- 
anisms. Whereas PHB1 Is the product of a nuclear 
gene, COX subunlts are encoded by mitochondrial 
genes. Additionally, no changes were observed in mito- 
chondrial DNA content in MAT1 AV- mice livers (Figure 
3C). Changes in the expression pattern of PHB1, COX 
and ATPB proteins suggest a deficiency in mitochondri- 
al respiratory processes. 

[0051] The Inner mitochondrial membrane potential 
was measured in an enriched mitochondrial fraction pu- 
rified from WT and MAT1 A-A mice liver extracts. A 40% 
reduction was assessed on the electrochemical proton 
gradient In MAT1 A-/- mutant mice liver extracts (Figure 
4), indicating a deficiency of the Inner mitochondrial 
membrane integrity. 

Regulation of PHB1 by AdoMet. 

[0052] The possibility of the regulation of PHB levels 
in cultured hepatocytes of rat by AdoMet was studied. 
In the presence of methionine or AdoMet In the culture 
media, no effect was detected on PHB1 levels after 24 
h incubation under standard conditions (Figures). How- 
ever, impairment of AdoMet synthesis by restriction of 
methionine or addition of CL to the culture medium (a 
well known inhibitor of MAT activity) was observed, re- 
sulting in the down-regulation of PHB1 (53% and 557o 
respectively) (Figure 5). Restoration of hepatocyte in- 
tracellular pool of AdoMet by exogenous addition of this 
compound after 12 hours culture in the absence of me- 
thionine, prevented the decrease of PHB1 . 

AdoMet deficiency and mitochondrial alterations in 
ob/ob mice and obese patients. 

[0053] In orderto evaluate whetherthe alterations ob- 
served In MAT1A-/- mice provide new mechanisms of 
NASH Induction, the steady state levels of PHB1 and 
COX were studied in ob/ob mice liver samples and in 
obese patients, two conditions which favor the develop- 
ment of NASH. Western blot analyses revealed that 
PHB1 and COX I, II are down-regulated in ob/ob mice 
livers (76% and 81% and 70% respectively). Down-reg- 
ulation of PHB1 (53%) and COX I (82%) was also con- 
flnned in obese patient livers although COX II levels 
were similar to those found in control livers (Figure 6). 
As in MAT1A-A mice, mRNA levels of PHB and COX I 
and II in ob/ob mice and obese patients are correlated 
with the levels found In non-control animals (not shown). 



3. Discussion 

[0054] AdoMet has been generally considered as an 
intermediary central metabolite involved in the synthesis 

5 of homocysteine and polyamines as well as the main 
cellular methyl group donor. However, recent findings 
evidence that in addition to this central metabolic func- 
tion, AdoMet is a cellular control switch that regulates 
essential hepatocyte functions such as proliferation, dif- 

10 ferentiation and death (Mato, J.M. et aL, Faseb J, 2002, 
16:15-26). In order to better understand the mecha- 
nisms by which these non-traditional AdoMet functions 
take place. NASH pathogenesis was studied in mutant 
MAT1 A-/- mice deficient in hepatic AdoMet synthesis by 

15 using a high throughput protcomic approach. 

[0055] The analysis of the different protein expression 
patterns in MAT1A-/- and WT mice indicates that a 
chronic deficiency in the synthesis of AdoMet has a plel- 
olropic effect in the liver altering essential hepatic tunc- 

20 tions. 117 proteins which are differentially expressed in 
MAT1A-/- mice livers during NASH progression have 
been identified. The global analysis of the observed dif- 
ferences shows up-regulation of the expression of anti- 
oxidant proteins (SODC, cataiase, glutathione pcroxl- 

25 dase) in M ATI A/- mice livers that might reflect an adap- 
tation mechanism to dissipate oxidative stress generat- 
ed by oxidant genes. Major metabolic alterations were 
also found in the expression of proteins in mutant 
MAT1 A-/- mice livers. Lipid, carbohydrate and amino ac- 

30 id metabolism is impaired in MAT1A-/- mice from their 
birth, although the differences accumulate during NASH 
progression. These up- and down-regulated proteins 
provide an specific proteomic pattern. This pattern might 
explain some of the metabolic alterations reminiscent of 

35 those found in obesity and other conditions associated 
to NASH, which lead to the development of cirrhosis and 
HOC (Ried, A.E., Gastroenterology, 2001 , 1 21 :71 0-723; 
Angulo, P., N. Engl. J. Med.. 2002, 346:1221-1231; 
Clark, J.M., et al., Gastroenterolgy, 2002, 122: 

40 1649-1657). 

[0056] The analysis of the 117 proteins differentially 
expressed in MAT1A-/- mice livers revealed that most 
of the changes observed 1 day after birth are not main- 
tained during NASH progression. These time-depend- 

45 ent differences may reflect the adaptation of the hepa- 
tocyte to perform its normal biological function under a 
chronic AdoMet deficiency, leading to an accumulation 
of alterations that condition the development of the dis- 
ease. However, 12 proteins change their expression 

50 pattern after birth when MAT1 A-/- Is switched on in WT 
mice, and this alteration is maintained to the onset of 
histological lesions. Among these early changes are the 
up-regulation of SODC and AOP2, which was deduced 
from two-dimensional gels according to previous evi- 

55 dences (Rabilloud, T. et al., J. Biol. Chem., 2002, 277: 
19396-19401), as well as the down-regulation of ACDL 
and up-regulation of APA1 may be mentioned. These 
alterations agree with the implication of the oxidative 
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stress and abnormal lipid metabolism In the pathogen- CI 
esis of fatty liver disease. Interestingly, 4 proteins In- 
volved In mitochondrial function were also identified: 1. 
ATPB, COX I, COX II and PHB1 . Up-regulatlon of ATPB 
has been implicated in mitochondrial maturation and in 5 
cell neoplasic transformation, which is consistent with 
the proliferative and dedifferentiated state of MAT1A-/ 
hepatocytes. Down-regulation of COX indicates a defi- 
cient transference of electrons to oxygen, the last step 
in the mitochondrial electron transference chain and due io 
to this, provides a molecular explanation for the oxida- 
tive stress found in MAT1A-/- livers. The fall In PHB1 
steady state levels might explain down-regulation of 
COX. PHB1 Is the product of a nuclear gene which is 
associated to the inner mitochondrial membrane. PHB1 15 
has been recently proposed to be a chapcrone-type pro- 
tein which takes part In the correct folding and assembly 
of some components of the mitochondrial respiratory 
chain. According to this hypothesis, a deficiency in 
PHB1 may impair the native and functional organization 
of respiratory proteins which are later degraded by mi- 
tochondrial proteases, compromising mitochondrial 
functionality. This Is the reason why a decrease in PHB1 
might induce a reduction of COX with the concomitant 
loss of mitochondrial function in MAT1 A-/- hepatocytes. 25 2. 
[0057] Correlation between a deficiency in AdoMet 
synthesis and the down-regulation of PHB1 found in 
MAT1A-/- mice was confimied by the In vitro experi- 3. 
ments on isolated rat hepatocytes. The reduction in the 
synthesis of AdoMet by using a culture medium without 30 
methionine or with CL, an Inhibitor of MAT activity, re- 
sults In the down-regulation of PHB1 . The replenish- 
ment of the AdoMet content in hepatocytes prevented 
the fall of PHB1 . 

[0058] PHB1 steady state levels also decreased in ob/ 35 4. 
ob mice livers and in obese patients, who are prone to 
develop NASH. NASH is a chronic disorder with an in- 
creasing prevalence in the population, thus becoming 
one of the priorities of clinic hepatology. Even though 
NASH pathogenesis is poorly known, the present evi- 40 
dence supports the existence of mitochondrial altera- 5. 
tions which are correlated with oxidative stress as one 
of the most important factors. Down-regulation of PHB1 
and COX induced by a chronic deficiency of AdoMet, 
may provide a new molecular mechanism Involved In ^5 
NASH pathogenesis. The results obtained for MAT1 A-A 
mice, indicate that PHB1 and COX levels fell long before 
the manifestation of any histological symptom of the dis- 
ease and. therefore, maybe useful in the early diagnosis 
and treatment of NASH. so 
[0059] In summary, the obtained results provide a 6. 
new mechanism by which a deficiency in AdoMet ad- 
versely affects mitochondrial function and generates an 
oxidative stress Inthe liver. Thefall of PHB1 levels under 
a chronic lack of AdoMet which leads to mitochondrial 55 
failure and to abnormal metabolism of lipids, carbohy- 
drates and amino acids might partially explain the patho- 7. 
genesis of NASH. 



An in vitro method for the diagnosis of NASH, or for 
the evaluation of the susceptibility of a subject to 
develop NASH, that comprises: 

a) obtaining a liver tissue sample from a 
subject ; 

b) detecting and quantifying in said liver tissue 
sample the level of a protein selected from apol- 
ipoprotein A1 {APA1), mitochondrial ATPasc p 
subunit (ATPB), leukotriene A4 hydrolase 
(LKHA), keratin 18 (K1CR), guanidinoacetate 
N-methy transferase (GAMT), superoxide dis- 
mutase (SODC), albumin (ALBU), antioxidant 
protein 2 (AOP2) (isoforms 1 and 2), prohibitin 
1 (PHB1), methionine adenosyl transferase 
(MAT), long-chain acyl-CoA dehydrogenase 
(ACDL), selenium binding protein (SBP), and 
their combinations; and 

c) comparing the results obtained in step b) with 
nonnal reference values for said proteins in liv- 
er tissue. 

A method according to claim 1 , in which said subject 
is a human being. 

A method according to claim 1 , in which the detec- 
tion and quantification of said protein selected from 
APA1. ATPB, LKHA. K1CR. GAMT, SODC, ALBU. 
A0P2 (isoform 1). AOP2 (isofomri 2), PHB1 , MAX 
ACDL and/or SBP is performed by means of the use 
of specific antibodies against said proteins. 

A method according to claim 3, In which said anti- 
bodies comprise monoclonal antibodies, polyclonal 
antibodies, recombinant fragments of antibodies, 
combibodies and fragments of Fab or scFv of spe- 
cific antibodies against said proteins. 

A method according to claim 1 , in which the detec- 
tion and quantification of said protein selected from 
APA1, ATPB. LKHA, K1CR, GAMT, SODC, ALBU, 
AOP2 (isofonm 1), AOP2 (isoform 2), PHB1, MAT, 
ACDL an/or SBP is perfonned by ELISA or Western 
blotting techniques, or by the use of devices of the 
kind of blochips or protein microarrays which in- 
clude specify antibodies against the proteins to be 
detected. 

A method according to claim 1 , which comprises the 
detection and quantification of the level of a protein 
selected from APA1, ATPB, LKHA, KiCR, GAMT, 
SODC. ALBU, AOP2 (isofomn 1), AOP2 (isoform 2), 
PHB1 , MAT, ACDL and SBP 

A method according to claim 1 , which comprises the 
detection and quantification of the level of two or 
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more proteins, each one independently selected 
from APA1, ATPB. LKHA, K1CR, GAMT, SODC. 
ALBU, A0P2 (isoform 1 ). A0P2 (Isoform 2). PHB1 , 
MAT, ACDL and SBP. 

A method according to claim 1 , In which when the 
comparison of the results obtained in step b) with 
normal values, of reference, indicates that: 



transferase (MAT), long-chain acyl-CoA dehydro- 
genase (ACDL), selenium binding protein (SBP), 
and their combinations, in an in wfro method to di- 
agnose NASH or to evaluate the susceptibility of a 
subject to develop NASH. 



(i) the concentration of, at least, one of the pro- 
teins APA1, ATPB, LKHA, K1CR, GAMT 
SODC, ALBU or AOP2 (isofomi 1), is higher 
than the highest limit of the honnal reference 
values for said proteins in iiver tissue; and/or 

(ii) the concentration of, at least, one of the pro- 
teins PHB1 , AOP2 (Isoform 2), MAT, ACDL or 
SBP is lower than the lowest limit of the normal 
values of reference for said proleins in liver tis- 
sue, 

then, said results are indicative of the exist- 
ence of NASH in the subject whose liver tissue sam- 
ple has been assayed or of the cxistonce of a sus- 
ceptibility of said subject to develop NASH in the 
future. 
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9. A method according to claim 1 , in which said protein 
to be detected and quantified is selected from 
APA1 . ATPB, LKHA. K1CR. PHB1 and their combi- 30 
nations. 

10. A method according to claim 9, that comprises the 
detection and quantification of the level of a protein 
selected from APA1 , ATPB, LKHA, keratin 1 8 and 35 
PHB1, 

1 1 . A method according to claim 9, which comprises the 
detection and quantification of the levels of, at least, 
two proteins, each one Independently selected from 
APA1 , ATPB, LKHA, K1 CR and PHB1 . 

12. A method according to claim 9, which comprises the 
detection and quantification of the levels of three or 
four proteins, each one independently selected 
from APA1, ATPB, LKHA, K1GR and PHB1. 

13. A method according to claim 9, which comprises the 
detection and quantification of the levels of proteins 
APA1 , ATPB, LKHA, K1 CR and PHB1 . so 

14. The use of a protein selected from apolipoprotein 
A1 (APA1), mitochondrial ATPase p subunit 
(ATPB), leukotriene A4 hydrolase (LKHA), keratin 

18 (K1CR), guanldinoacetate N-methyltransferase 55 
(GAMT), superoxide dismutase (SODC), albumin 
(ALBU), antioxidant protein 2 (AOP2) (isoforms 1 
and 2), prohibitin 1 (PHB1), methionine adenosyl 
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